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[57] ABSTRACT

A hybrid (composite) integrated circuit element comprises a
substrate, a thin film type integrated circuit formed on a
substrate through a thin film process, and a lamination type
passive circuit element such as a capacitor, inductor, resi-
tance and a combination thereof formed on the integrated
circuit. During the firing of passive circuit element in a
hydrogen atmosphere, the semiconductor layer which con-
stitutes the integrated circuit is also heat annealed. Various
substrates can be used as the substrate, for example, quartz,
ceramic and a cheap semiconductor substrate which has not
been treated with a mirror-grinding by the use of a glass
layer.

9 Claims, 18 Drawing Sheets
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1

METHOD OF MANUFACTURING A HYBRID
INTEGRATED CIRCUIT COMPONENT
HAVING A LAMINATED BODY

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a hybrid integrated circuit

(hybrid IC) component into which a thin film integrated

circuit and a passive circuit including a resistor, an inductor,
a capacitor or the like are assembled. The hybrid integrated
circuit is also called a composite integrated circuit. More
particularly, the invention relates to a composite integrated
circuit into which a thin film integrated circuit formed on a
substrate and at least one of an inductor having a lamination
structure of a foundation material containing an electrically
insulating magnetic material and a conductor, and a capaci-
tor having a lamination structure of a foundation material

containing a diclectric material and a conductor are inte-
grated with each other.

2. Prior Art

Up to the present, there has been known a capacitor or
inductor formed by a laminating method, or a hybrid com-
ponent thereof. Generally, in the hybrid component, pow-
ders of a magnetic material and a dielectric material are
temporarily fired at a relatively low temperature, and then
mixed with a binder thereby producing a paste. The paste is
printed on a temporary support substrate in the form of a
sheet in such a manner that the paste is capable of being
readily separated from the substrate. Further, a coil conduc-
tor or an electrode conductor is laminated on the paste-

printed substrate, and these materials are alternately lami-
nated.

The laminated body is fired at a high temperature (for
example, 800° to 900° C. or 870° to 900° C. in the case of
Ni-Cu-Zn based ferrite; and 1400° to 1500° C. in the case of
Ti0O, based or BaTi(); based ceramics), to thereby obtain a
laminated applied component.

Furthermore, there has been known a composite compo-
nent in which the lamination applied component of a capaci-
tor or an inductor is used for a substrate, and a bare chip IC
1s provided on the ceramic substrate including the L and C
circuit elements.

The schematic explanatory diagram of the composite
component is shown in FIG. 2. In FIG. 2, a substrate
includes two circuits of L and C. By a conventional method,
a magnetic material or a diclectric material and an electrode
material are alternately laminated on a temporary support
substrate, to thereby form a laminated body. After the
laminated body is dried, the temporary support substrate is
separated from those materials. Thereafter, the laminated
body is fired at a high temperature, to thereby form a
substrate 200 including the circuit elements of L and C
shown in FIG. 2. In the figure, an inductor portion 202 is
formed on a capacitor portion 201, however, this arrange-
ment is altered as occasion demands.

On the substrate including the 1. and C circuits thus
organized, a bare IC chip 204 is disposed. An output
terminal 205 of the IC chip 204 and an electrode 206
provided on the substrate are connected to each other
through wire bonding 207 or the like. The IC chip 204 is
covered with a package 208 made of plastic or ceramics,
resulting in the composite component shown in FIG. 2.

In the hybrid integrated circuit component thus organized,
when forming the laminated body component, the laminated

body is formed on the temporary support substrate by a
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screen printing or the like. Then, after the laminated body is
dried, the temporary support substrate must be separated
from the laminated body.

Further, in addition to a connecting step of eleclnca]ly
connecting the substrate of the laminated chip to the IC chip

and the like, complicated steps such as a step of packaging
the whole device and the like are required.

Still further, because the laminated components such as a
capacitor, an inductor, etc. and the IC chip are manufactured
based on the different specifications respectively, the com-
bination of these components has its shape lowered in
matching property, and the thickness of the combination is
increased, resulting in impossibility of sufficiently mounting
the components to high density.

As 1s apparent from FIG. 2, in the conventional hybrid
integrated circuit, a single thin film integrated circuit chip is
directly mounted on a single laminated body, and the thin
film integrated circuit chip and the single laminated body are
properly connected to each other on the substrate in accor-
dance with a circuit design to thereby constitute a desired
component. Since the passive element component of the

laminated type such as a capacitor, an inductor or the like is
of a thick film laminated body, it can be more sufficiently

designed in characteristics for the respective functions.
However, the thin film integrated circuit chip cannot provide
more than a single function to the circuit formed on the
semiconductor substrate. For that reason, a single hybrid
integrated circuit component was formed as a component
having a single function.

A conventional hybrid integrated circuit component
shown in FIG. 7 is constituted in such a manner that a bare
thin film integrated circuit chip 701 is mounted on a lami-
nated body 706 mainly consisting of a laminated capacitor
703, a laminated inductor 704, and a resistor 705, and both
are electrically connected to each other through wire bond-

ing with a metallic wire 707, and the whole components are
molded with a resin 708. |

The thin film integrated circuit chip 701 used in FIG. 7 is
constituted in such a manner that an integrated circuit such
as a thin film transistor and the like is formed through the

semiconductor process with an active silicon layer which is
formed on a substrate such as, quartz or the like.

There has been already proposed a hybrid integrated
circuit component in which the laminated body of a passive
element such as a laminated type conductor or the like and
a substrate having a thin film transistor and the like adhere
to each other with a metallic bump so as to be electrically
connected to each other (for example, Japanese Patent
Unexamined Publication No. Hei 4-260363).

However, the conventional hybrid integrated circuit com-
ponent has such a problem that, because the thin film
integrated circuit chip is expensive although the integrated
body constituting the passive element portion is formed at a
very low price, the entire hybrid integrated circuit compo-
nent is very expensive.

Furthermore, since the electrically connection of the laml—
nated body and the bare thin film integrated circuit chip is
performed through wire bonding, the metallic wire is liable
to twist and separate, whereby the productivity is lowered
and reliability is lacked.

Still further, even though the laminated body and the
integrated circuit substrate are connected to each other with
the metallic bump or the like, the substrate constituting the
integrated circuit is made of glass or the like, as the result of
which the sufficient element characteristics can not be
always obtained.
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There is a case where a ceramic substrate available
inexpensively is used as the substrate constituting the thin
film integrated circuit for the composite integrated circuit
component with the above-mentioned structure. However,
since the ceramic substrate has a rough surface, if a semi-
conductor layer for formation of the thin film integrated
circuit elements is directly formed on the substrate, the

rough surface of the ceramic substrate adversely affects the
surface of the semiconductor layer, resulting in such a

problem that, for example, the channel length of the semi-
conductor element is changed with the loss of the circuit
element characteristics.

Further, there has been proposed an experiment to not
form the thin film integrated circuit chip and the laminated
body consisting of the passive element by different
processes, and to built a large-capacitance capacitor within
a Si substrate of an LSI by the thin film forming process to
form the integrated circuit component (Nikkei Electronics,
May 24, 1993, pp. 82 to 87). In this case, the capacitance of
the capacity assembled in the Si substrate is limited to
thereby insufficiently perform the function. Also, in the
conventional composite integrated circuit component, the
laminated body forming its passive element portion is
formed by the thick film forming process through firing.
Therefore, even in the case of laminating the dielectric
material layer or the magnetic material layer into a multi-
layer structure, the laminated body per se is very high in
productivity and low in manufacturing costs. If the number
of the inductors or the capacitors is reduced, the composite
integrated circuit component is made small in size.

In the case of mounting a thin film integrated circuit on a
laminated body, the laminated body has to have a sufficient
area to hold the IC on it. As a result, there arises such a
problem that the size of the laminated body can not be
sufficiently reduced.

In the case an LSI having a large capacitance built therein,
the capacitance should be formed adjacent fo an integrated

circuit on one substrate. As a result, the size of the device is
unavoidably increased.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a com-
posite integrated circuit component into which a thin film
like integrated circuit element and a laminated capacitor, a
laminated inductor or the combination of the capacitor and
the inductor are integrated, and to obtain a stable composite
integrated circuit component which is capable of not only
reducing the number of times of heating treatments neces-
sary for formation of the active element and the passive

clement, but also obtaining a stable characteristics of the
active element.

Another object of the invention is to provide a hybrid
integrated circuit component which effectively utilizes a
laminated body having a sufficient function and is low in the
costs and downsized.

Still another object of the invention is to provide a hybrid
integrated circuit component with a low cost without
decreasing the device characteristics and also to provide the
same with high productivity and high reliability.

Still further another object of the invention is to provide
a composite integrated circuit component which uses a
ceramic substrate as a substrate for forming a thin film
integrated circuit, and also which is good in characteristics,
low in the costs and downsized.

Yet another object of the invention is to provide a compact
composite integrated circuit component with a low cost in
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4

which a ceramic substrate is to be used as a substrate for a
thin film integrated circuit.

Yet another object of the invention is to provide a com-
posite integrated circuit component which is small in chip
size.

To solve the above problems, a first aspect of the present
invention is to provide a hybrid integrated circuit in which
a thin film like integrated circuit element and at least one of
a laminated inductor or a laminated capacitor are formed in
a composite manner, where the laminated capacitor or the
laminated inductor is formed on a substrate on which the
thin film integrated circuit is disposed.

A second aspect of the invention is to provide a hybrid
integrated circuit in which a thin film like integrated circuit
element and at least one of a laminated inductor and a
laminated capacitor are formed in a composite manner,
where a foundation material such as a magnetic material, a
dielectric material or the like which forms the laminated
capacitor or inductor, and a substrate on which the thin film -

integrated circuit is provided constitute main parts of a
package of the composite integrated circuit component.

A third aspect of the invention has been achieved by
provision of a method of manufacturing a hybrid integrated
circuit in which a thin film like integrated circuit element
and at least one of a laminated inductor and a laminated
capacitor are formed in a composite manner, characterized
in that a semiconductor material of a thin film transistor
provided in a thin film integrated circuit portion is heated

simultaneously when the laminated capacitor or inductor is
fired.

A fourth aspect of the invention has been achieved by
provision of a method of manufacturing a hybrid integrated
circuit, characterized in that, when forming a laminated
body consisting of a laminated passive element portion on a
substrate on which a thin film integrated circuit is formed, a
refiow film is provided between a thin film integrated circuit
portion and the passive element portion.

A fifth aspect of the invention is to provide a hybrid
integrated circuit, characterized in that a hydrogen introduc-
ing means is disposed on a lower portion of the laminated
body formed of the passive element portion which is in
contact with the reflow film.

A sixth aspect of the invention is to provide a laminated
body having at least one laminated passive element and a
plurality of thin film integrated circuit chips with different
functions in parallel with each other on one substrate.

A seventh aspect of the invention is to provide a hybrid
integrated circuit component in which a laminated body of
a passive element which is formed of a lamination-shaped
capacitor, inductor, resistor or the combination thereof and
a thin film integrated circuit are combined with each other,
where a substrate for forming the active element of the thin
film integrated circuit is formed of a polycrystalline or
monocrystalline semiconductor substrate as used for a solar
battery, and an active element component formed of the thin
film integrated circuit is constituted by a semiconductor
layer disposed on the substrate through an insulating film.

An eighth aspect of the invention is characterized by
connecting the thin film integrated circuit chip and the
laminated body simply by use of a solder bump.

Further, in order to solve the above problems, a ninth
aspect of the invention has been achieved by provision of a
composite integrated circuit component in which a lami-
nated capacitor, inductor, resistor or a laminated body
formed of these composite components is formed on a
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ceramic substrate on which a thin film integrated circuit is
tormed, characterized in that a layer mainly containing a
silicon oxide is formed on a surface of the ceramic substrate
so that the roughness of the substrate surface is smoothed,
and a thin film integrated circuit element is formed on the
smoothed surface of the substrate.

A tenth aspect of the invention has been achieved by
provision of a composite integrated circuit component in
which a laminate type passive circuit including a laminate
type capacitor, laminate type inductor or the combination
thereof is formed on a substrate having a thin film integrated
circuit formed thereon, wherein a passivation film is formed
on the thin film integrated circuit and the passive circuit is
laminated thereon through a thin film process.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view showing a composite

integrated circuit component in accordance with a first
embodiment of the present invention;

FIG. 2 is a cross-sectional view showing a conventional
composite integrated circuit component;

FIG. 3 is a cross-sectional view showing a thin film
transistor provided in the composite integrated circuit com-
ponent in accordance with the first embodiment of the
invention;

FIGS. 4(A) to 4F) show steps of manufacturing a thin
film transistor applied to the present invention;

FIGS. 5(A) and 5(B) show steps of manufacturing the thin
film transistor applied to the present invention;

FIGS. 6(A) to 6(C) show steps of manufacturing a lami-
nated inductor of the composite integrated circuit compo-
nent in accordance with the first embodiment of the inven-
tion;

FIG. 7 is a cross-sectional view showing a conventional
composite integrated circuit component;

FIG. 8 is a cross-sectional view showing a composite
integrated circuit in accordance with a second embodiment
of the invention;

FIGS. 9(A) to 9(D) show steps of manufacturing a lami-
nated inductor of the composite integrated circuit compo-
nent in accordance with the second embodiment of the
invention, respectively;

FIG. 10(A) is a schematic explanatory diagram showing

a hybrid integrated circuit component in accordance with a
third embodiment of the invention;

FIG. 10(B) is a cross-sectional view showing the hybrid
integrated circuit component shown in FIG. 10(A);
FIG. 11 is a schematic explanatory diagram showing a

hybrid integrated circuit component in accordance with
another example of the third embodiment of the invnetion.

FIG. 12 is a schematic explanatory diagram showing

another example of the hybrid integrated circuit component
in accordance with the third embodiment of the invention:

FIG. 13 is a cross-sectional view showing an outline of a

hybrid integrated circuit component in accordance with a
fourth embodiment of the invention;

FIG. 14 is a cross-sectional view showing an outline of a
‘thin film transistor used in the fourth embodiment of the
invention;

FIG. 15 is a diagram showing the relationships of a
substrate forming a thin film transistor thereon, a process
temperature and mobility;

FIG. 16 1s a cross-sectional view showing an outline of a
composite integrated circuit in accordance with a fifth
embodiment of the invention;
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FIG. 17 is a cross-sectional view showing an outline of a
composite integrated circuit in accordance with a sixth
embodiment of the invention; and

FIGS. 18(A) to 18(C) show steps of manufacturing a
laminated inductor used in the composite integrated circuit
in accordance with the sixth embodiment of the invention,
respectively.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Hereinafter, embodiments of the present invention will be
described with reference to the accompanying drawings.

The same reference numerals denote the identical or like
components.

FIG. 1 shows a cross-sectional view showing a composite
integrated circuit component in accordance with a first
embodiment of the invention. In FIG. 1, a substrate 100 is
formed of, for example, a high heat-resistant quartz sub-
strate. Disposed on the substrate 100 is a thin film integrated
circuit 101 having a silicon gate type TFT and utilizing a
silicon material as an electric wiring, Output electrodes 102
for the thin film integrated circuit 101 are formed on the
same substrate 100.

A silicon oxide coat 109 is formed as a protective film so
as to cover the thin film integrated circuit 101. Through-

holes are defined at a portion corresponding to the output
electrodes 102.

A capacitor portion 103 and an inductor portion 104 are
provided on the protective film 109 in a laminated structure.
When these laminated capacitor and inductor are to be
formed, a paste-like foundation material containing a mag-
netic material or dielectric material and an electrode material
are alternately stacked to form a given pattern. In this case,
when the foundation material is to be formed by the paste
printing, through-holes are defined so that electrode mate-
rials 108 penetrating the through-holes are connected to the
output electrodes 102 for the thin film integrated circuit 101
and finally connected to electrodes 107 of the composite
integrated circuit component, respectively. The circuit com-
ponent is mounted on other wiring boards through the
electrode portions.

In the figure, there is shown a cross-sectional view of only
a part of the component in accordance with the invention,

however, there is a case where other parts are also connected
with electrodes in the same manner.

Thus, the substrate 100, a dielectric material and/or a
magnetic material constitutes a primary package of the
composite integrated circuit component. For that reason, it is
not required to provide a package made of ceramics or
plastics for additional protection. | |

Because the composite integrated circuit component is -
fired at a high temperature when forming the capacitor or

inductor, the substrate 100 which is a foundation of these
elements and the thin film integrated circuit 101 are required

to withstand the firing temperature. For that reason, it is
preferable that the structural components including the thin
film transistor of the thin film integrated circuit are mainly
made of a silicon material. In particular, in the case of using
a doped silicon for an electric wiring, the heat-resistivity and
reliability are improved.

In a process of forming the thin film semiconductor,
particularly, the thin film transistor, a variety of heating
treatments are repeatedly performed. In particular, in the
case of using a polycrystalline material or a monocrystalline
material for a semiconductor layer, it is necessary to heat the
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semiconductor at a relatively high temperature (for example,
at more than 500° C.) for a long period of time.

Furthermore, when activating impurities in source and
drain regions, it is necessary to heat them at a relatively high
temperature. These heat treatments can be made simulta-
neously at the time of forming the L. and C circuits, to
thereby greatly contribute to the simplicity of the process.

According to this embodiment, the circuits of L and C

performing sufficient functions can be realized, and also

when forming the circuit of L or C, electrodes for the
exterior are formed inside of the laminated body by use of
the circuit patterns, as a result of which a primary external
form can be constituted by the substrate and the ceramics
formed on the substrate so that a final package is not
required.

An example of a process of manufacturing a composite
integrated circuit component in which an inductor is pro-
vided on a thin film integrated circuit formed on a substrate
in accordance with the embodiment will be described below.

First, one example of a process of manufacturing a thin
film transistor which is a primary structural component

among the thin film integrated circuit constituting a foun-
dation is shown in FIGS. 3 to 5(B).

FIG. 3 shows a schematic sectional view of the thin film
transistor used in this embodiment. Reference numeral 301
denotes a substrate made of quartz; 302, a silicon oxide film;
303, an active layer; 304, a gate insulating film; 305, a gate
electrode; 306 and 309, source and drain regions, respec-
tively; and 308, an electrode.

Used for the substrate 301 is a high heat-resistant
substrate, for example, a quartz substrate. On the substrate
301, the silicon oxide film 302 having a thickness of 3000
A is formed by the sputtering method (reter to FIG. 4(A)).

Subsequently, on the silicon oxide film 302, a non—smgle
crystalline silicon film 303 having a thickness of approxi-
mately 800 A is formed by a decompression CVD method
(reter to FIG. 4(B)).

The film forming conditions at this time are stated below.
Disilane gas: 100 to 500 SCCM
Helium gas: 500 SCCM
Reaction pressure: 0.1 to 1 Torr
Heat temperature: 430° to 500° C.

Then, after the non-single crystalline silicon film 303 is
subjected to patterning in the form of a predetermined
island, it is heated at a temperature of approximately 600° C.
for approximately 40 hours, thereby changing into a poly-
crystalline (refer to FIG. 4 (C)).

Thereafter, on the substrate having the semiconductor
island thereon, a silicon oxide film 304 which forms the gate
insulating film is formed by the plasma CVD method with
a starting material of TEOS (tetracthoxy silane) (refer to
FIG. 4(D)).

The film forming conditions of the gate insulating film are
stated below.

TEOS gas: 10 to 50 SCCM

Oxygen gas: 500 SCCM

High frequency output: 50 to 300 W
Substrate temperature: 400° C.

Next, on the gate insulating film 304, a silicon layer 305
constituting a gate electrode having a thickness of approxi-
mately 2000 A by a reduced pressure CVD method. The film
forming conditions, etc. are the same as those in the above-
mentioned case. When forming this film, a dopant such as

phosphorus or the like can be added to the film (refer to FIG.

4E)).
Sequentially, the gate electrode 305 and the gate insulat-
ing film 304 are formed by the etching process in accordance

with a predetermined pattern, respectively (refer to FIG.
4F)).
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Thereafter, with a mask of the gate electrode 305, portions
of the semiconductor island which are to constitute source
and drain regions are doped with phosphorus by an ion
doping method to thereby form the source and drain regions
306 and 309 in such a manner that the regions 306 and 309
are self-aligned with respect to the gate electrode (refer to
FIG. 5(A)).

Then, the substrate including these elements is heated at
550° C. for 5 hours in the nitrogen atmosphere to activate the
dopant Furthermore it is heated at 400° C. for 30 minutes in
the hydrogen atmosphere, to thereby produce hydrogen so
that the defect level density of the semiconductor layer is
reduced.

Further, a silicon oxide film having a thickness of 4000 A
is formed as an inter-layer insulating film 307 on the overall
substrate with a starting material of TEOS. The film forming
conditions are the same as those in the above-mentioned
case. For the purpose of wiring respective electrodes, a
patterning process is performed in accordance with a
required pattern, to thereby obtain a state shown in FIG.
5(B).

Subsequently, a second doped silicon film 308 for elec—-
trodes is formed in the same manner, whereby the thin filin
transistor is completed as shown in FIG. 3.

As the thin film integrated circuit, thereafter, an inter-
layer insulating film 310 which also serves as a protective
film is formed by, for example, a CVD method, and subse-
quently through-holes are formed therein for electrodes.
(refer to FIG. 6(A))

In the above description, the example of the process of
manufacturing the thin film transistor which is a primary
structure of the thin film integrated circuit was described. In
the middle of this process or in the same process, other

- elements necessary for the thin film integrated circuit are

formed by predetermined patterns so that the thin film
integrated circuit is completed.

Further, in the case where an additional wiring is required
in constructing the thin film integrated circuit, another
inter-layer insulating film and another doped silicon film are
likewise stacked on each other thereby forming a multi-layer
wiring.

Next, on the substrate on which the completed thin film
integrated circuit has been formed, an inductor is formed by
use of a printing method. The schematic processing diagram
is shown by FIG. 6(A)—6(C).

For the used magnetic material, a Ni-Cu-Zn ferrite is
used, and at Jeast this material and an organic synthetic resin
binder are mixed with each other to prepare a foundation
material paste for printing. Also, naturally, it is possible to
mix them with other materials in accordance with a required
characteristic.

By the printing method using this paste, a magnetic
material 601 is printed with a predetermined pattern on the
substrate on which the above-mentioned thin film integrated
circuit has been formed (refer to FIG. 6(A)).

Thereafter, Ag-Pd powders are used for the conductor
material of the inductor, and they are mixed with the
synthetic resin binder to produce a print paste. The print -
paste constituting a conductor material 602 is printed on the
magnetic material 601 which has been printed in the pre-
determined pattern (refer to FIG. 6(B)).

At this time, a pattern of the thin film integrated circuit is
so designed that the output electrode 600 and the conductor
material 602 are electrically connected to each other, and the
through-holes for connection between the electrode 600 and
the material 602 are formed at the time of printing the
magnetic material 601.
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Likewise, the foundation material layer containing the
magnetic material and the conductive material layer are
stacked on each other, and this laminated body is printed
plural times in the same manner in accordance with a pattern
designed so as to constitute the inductor. Also, at this time,
using a part of the pattern, through-portions which are linked
with the output electrodes of the thin film integrated circuit
are formed within the inductor.

Finally, the output electrodes 605 of the composite inte-
grated circuit component are printed with the same conduc-
tive material in such a manner that the laminated inductor is
formed on the substrate, as shown in FIG. 6(C).

Next, the entire substrate including these lamination bod-
ics 1s fired at a predetermined temperature, for example,
300° to 1000° C., at 850° C. in this embodiment, so that the
organic binder within the laminated body is removed and the
inductor is fired, thereby forming the composite integrated
circuit component of this embodiment. In the embodiment,
the combination of the inductor and the thin film integrated
circuit was described. However, likewise, the combination
of other circuit elements, for example, a resistor and a
capacitor can be performed. Also, these circuit elements can
be arranged not only in the longitudinal direction but also in
the lateral direction. In this case, the volume of the com-
posite integrated circuit component can be reduced, thereby
attaining more downsized and at-high-density mounted
device.

In the composite integrated circuit component thus

formed, the primary outer portion is constituted by the
substrate for thin film integration and the foundation mate-

rial of the laminated inductor. The connecting portions for
electrical connection to the exterior are formed within the
laminated component simultaneously when forming the
laminated component, and finally formed on a surface of the
inductor. Consequently, no additional outer package mate-
rial is particularly required.

In the above-mentioned embodiment, the laminated
inductor is provided on the substrate having the thin film
integrated circuit formed thereon. In other cases, a capacitor,
aresistor and the like may be provided as occasion demands,
or a plurality of these elements may be combined with each
other to produce the composite integrated circuit compo-
nent.

As the conductor material to be used, Ag, Au, Cu, Pd or
an alloy thereof can be used. As the magnetic material or the
dielectric material, there can be used galvanized ferrite,
Mn-Zn ferrite, Ni-Cu-Zn ferrite, iron oxide ferrite, alumina,
barium titanate, titanium oxide or the like.

Furthermore, as the substrate of the thin film
semiconductor, there can be used a high heat-resistant
substrate besides quartz, sapphire, alumina and the like.

These materials can be combined in various manner,
however, it is necessary to properly select them in accor-
dance with a required heating temperature.

As a second embodiment, a composite integrated circuit
component having a structure in which TFT is provided on
a polycrystalline silicon substrate, and further on the TFT, a
laminated body forming a passive element is formed will be
described with reference to FIG. 8.

In FIG. 8, reference numeral 100 denotes a polycrystalline
silicon substrate; 101, an active silicon substrate; 102, output
electrodes; 111, a reflow film; 112, hydrogen introducing
holes; 106, a dielectric layer; 103, a laminated capacitor
portion; 104, a laminated inductor portion; and 107 and 108,
electrodes.

As shown 1n FIG. 8, in this embodiment, the active silicon
substrate 101 including a thin film integrated circuit is
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disposed on the polycrystalline silicon substrate 100 having
an Si0, film (not shown) on a surface thereof, and the outer
surface of the active silicon substrate 101 is covered with the
reflow film 111 which consists of, for example, a phospho
silicate glass layer (PSGQ).

The dielectric material layer (106, 106') is formed on the
reflow film 111, and a lower dielectric layer 106’ is provided
with the hydrogen introducing holes 112 at least above the
active silicon substrate 101.

The laminated capacitor portion 103 and the laminated
inductor portion 104 are formed on the reflow film 111.

The laminated capacitor portion 103 and the laminated
inductor portion 104 are formed in such a manner that a
foundation material paste containing the dielectric material
or magnetic material and electrode material are alternately
printed and laminated to thereby form a predetermined
pattern. |

When each foundation material paste is to be printed into
a layer, through-holes are provided to form the electrode
portions 108.

A process of manufacturing a thin film transistor formed
on the polycrystalline silicon substrate, which constitutes
one structural element of the invention will be described
with reference again to FIGS. 3 to 5(B)

A silicon oxide film 302 having a thickness of 1000 to
5000 A is formed on a polycrystalline silicon substrate 301
by a sputtering method (refer to FIG. 4(A)).

Subsequently, on the film 302, an amorphous silicon
(0-Si) layer 303 having a thickness of 500 to 6000 A by a
low pressure CVD method (refer to FIG. 4(B)). The film
forming conditions are stated below.

Si,Hg: 100 to 500 SCCM

He: 500 SCCM

Reaction pressure: 0.1 to 1 Torr

Film forming temperature: 430° to 500° C.

After the amorphous-Si layer 303 is patterned in the form
of an island, it is heated at approximately 600° C. for
approximately 40 hours in the nitrogen atmosphere to
thereby obtain an active silicon layer (refer to FIG. 4(C)).

Further, in order to form a gate insulating film, a silicon
oxide film 304 having a thickness of 500 to 2000 A is formed
by a dry oxidation (refer to FIG. 4D)).

The forming conditions of the gate insulating film are
stated below.

0,: 2.5 SLM
Temperature: 850° to 1100° C.

Next, for the purpose of forming a gate electrode, a silicon

layer 305 doped with P or B, having a thickness of 1000 to

4000 A is formed by a low pressure CVD method (refer to
FIG. 4 (E)).

These layers are subjected to etching in accordance with
a predetermined pattern to thereby form a gate insulating
film 304 and a gate electrode 305 (refer to FIG. 4(F)).

Thereafter, with a mask of the gate electrode 305,
portions, which are to constitute the source and drain
regions, are doped with, for example, P by an ion doping
method, to thereby form source and drain regions 306 and
309 (refer to FIG. 5(A)).

Sequentially, the substrate including these elements is
heated at 600° C. for 12 hours in the nitrogen atmcspherc to
activate the dopant.

Furthermore, a PSG film 307 having a thickness of 4000
to 8000 A is entirely formed on the substrate by the
atmospheric pressure CVD method. Thereafter, the film 307
is patterned in accordance with a pattern necessary for the
respective electrode wiring (refer to FIG. 5(B)).

Next, a doped silicon film for electrode and wiring is
formed by a decompression CVD method, and is then
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patterned to form an electrode 308, whereby the TFT is
completed (refer to FIG. 3). As the electrode 308, for
example, a high-melting-point metal such as Mo, W or the
like may be used.

Thereafter, the inter-layer insulating film, which also acts
as a protective film, is formed, and the electrode through-
holes are formed therein to perform wiring so that the
electrodes are connected to other structural components to
constitute an integrated circuit.

In the present invention, when a composite component
with a lamination structure is further to be formed by the
printing method on the substrate on which the completed
thin film integrated circuit has been formed, the reflow film
and the hydrogen introducing means are provided.

Referring to FIGS. 9A-9D, a manufacturing process in
which the laminated capacitor 1s formed on the substrate on
which the thin film integrated circuit has been formed will
be described.

A large number of integrated circuits including TFTs are
formed on a large-sized substrate as in the case of a
large-sized substrate of the 100x100 type. And silicon
alkoxide and phosphorus alkoxide are then formed thereon
by a screen printing method to a thickness of 10-50 pm,
following which the film is heated at about 600° C. to
remove a binder material to thereby form a PSG film which
constitutes the reflow film 111.

In the present invention, the laminated body consisting of

the passive element with the lamination structure is formed
on the active silicon substrate 101 on which the thin film
integrated circuit is formed, and thereafter fired. The lami-
nated body is reduced in volume by the degree of approxi-
mately 20% due to firing. For this reason, the volume
reduction causes stress to occur in the surface between the
laminated body and the active silicon substrate 101. The
reflow film 111 of the invention is used for preventing the
characteristics of the thin film integrated circuit from being
unstable due to the stress.
After formation of the reflow film, a diclectric layer 106°
- which is a lower layer of the laminated body is formed by
coating a paste through a screen printing. The paste is, for
example, a mixture of barium titanate and an organic syn-
thetic resin binder.

In the present invention, in the case where the paste is to
be printed in a predetermined pattern by the screen printing,
there is provided the hydrogen introducing holes 112 attain-
ing to the reflow film 111 as a hydrogen introducing means
in order that hydrogen sufficiently reaches the active silicon
substrate 101 when hydrogenation treatment is performed,
(refer to FIG. 9(A)).

The hydrogen introducing hole 112 can be formed, for
example, by use of the mask pattern for the screen printing,
as in the formation of through-holes corresponding to the
output electrodes 102 on the substrate 100.

The reflow film is made of an oxide such as the PSG film,
through which hydrogen can transmit. Therefore, they
hydrogenation of the active layer can be further facilitated.
In other words, it is preferable to use a permeable material
to hydrogen as the reflow film. The dielectric material layer
106 is further formed on the reflow film 111 (refer to FIG.
%B)).

Sequentially, as the conductive material of the capacitor,
for example, Ag-Pd powders are prepared and mixed with a
synthetic resin binder to produce a printing paste. The paste
is screen-printed on the printed dielectric material layer 106
in a predetermined pattern to thereby produce a conductive
material layer 108 (refer to FIG. 9(C)).

The pattern like this is designed in such a manner that a
conducting portion is formed through the through-holes
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provided in the reflow film 111 and the dielectric material
layer 106, so that the output electrodes 102 on the substrate
of the thin film integrated circuit and the conductive material
layer 108 are clectrically connected to each other in a
predetermined manner.

Likewise, the dielectric material layer and the conductive
material layer are printed plural times in turn so that the
laminated body constitutes a conductor having a given
characteristic. At this time, a part of the pattern is used in
such a manner that conducting portions connected to the
output electrodes 102 for the thin film circuit are formed
within the conductor.

Finally, the output electrodes 107 for the composite
integrated circuit component is formed by the same material
layer as the conductive material layer of the conductor. (refer
to FIG. 9(D)).

Then, after the substrate on which the composite inte-
grated circuit component is formed is cut into a respective
chip size, it is subjected to annealing treatment. That is, the
chips are fired at 800° to 950° C. for 0.5 to 5 hours so as to
remove the organic synthetic resin binder within the lami-
nated body, to fire the conductor, and to fire the PSG film
formed as the reflow film. During this firing, the reflow film
melts at least partially so that the stress caused by the
difference in thermal coefficients of expansion can be
reduced.

Thereatter, the chips are anncaled for two hours in a
hydrogen atmosphere at 450° C. to perform a hydrogenation
treatment for decreasing the interface level between the
active silicon layer and the gate oxide film, thereby com-
pleting the composite integrated circuit in accordance with
this embodiment.

The reason why the substrate is fired after the large-sized
substrate forming the respective elements is cut into the chip
size is that the thick laminated body is more hardened due
to the firing, resulting in difficulty of cutting the laminated
body, and the influence of the contraction stress caused by
firing on the laminated body is also reduced.

Furthermore, the hydrogenation treatment itself can be
facilitated by first cutting the substrate into each chip and
then firing it in the hydrogen atmosphere.

In this embodiment, the composite integrated circuit
component combining the thin film integrated circuit, the
laminated capacitor and the laminated inductor together was
described, however, the present invention is not limited to
this combination. That is, the composite integrated circuit
component including the thin fil integrated circuit and
another circuit element, for example, the laminated
capacitor, inductor, resistant element or the combination
thereof is also formed likewise.

Also, these circuit elements can be aligned not only in the
longitudinal direction but also in the lateral direction so that
the composite integrated circuit component is more down-
sized and the circuit elements are mounted to the high-
density degree.

Furthermore, as the method of manufacturing the lami-
nated body, the example using the printing method was
described. The laminated body can be also manufactured by
sputtering, evaporation or the like, and further can be
manufactured by the combination of these methods. As the
hydrogen introducing means formed on a lower portion of
the laminated body, other means such as grooves or the like
besides the holes can be used.

The dielectric material used as the material of the lami-
nated body is not limited to barium titanate of this
embodiment, but can be made of alumina, titanium oxide,
etc. As the magnetic material constituting the inductor,
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Ni-Cu-Zn ferrite, galvanized ferrite, Mn-Zn ferrite, iron
oxide ferrite, etc. can be used. Also, as the conductive
material, in place of Ag-Pd powders, the combined material
of Ag, Au, Cu, Pd or the alloy thereof can be used.

Further, in the embodiment, as the reflow film, the
example using the PSG (phospho silicate) film was
described. However, the present invention is not limited to
this, but B-PSG (boro-phospho silicate ) film, NSG-PSG
(nondope silicate-phospho silicate) film, BSG (boro silicate)
can be used for the reflow film.

In the above description, the reflow film is provided only
around the thin film integrated circuit. However, it may be
disposed on the entire surface of the substrate 100 of FIGS.
8 and 9(D), so that the holes for electrode connection may
be formed by etching. -

In this embodiment, the provision of the reflow film
reduces the stress which tends to occur between the thin film
integrated circuit and the laminated body when firing the
laminated body at a high temperature. As a result, the
reliability and production yield of the thin film integrated
circuit in the composite integrated circuit component can be
improved.

Furthermore, by providing the hydrogen introducing
holes in the first material layer of the laminated body, the
characteristics of the thin film integrated circuit portion such
as TFT are stabilized thereby yet improving in yield.

Still further, after the thin film integrated circuit portion
and the laminated body portion are formed on the large-sized
substrate for multiple chips, the substrate is cut into the
respective chip sizes before firing of the laminated body, and
annealing of the hydrogenation treatment. As a result, cut-
ting into chips can be facilitated, the stress due to firing can

be reduced, and diffusion of hydrogen can be readily per-
formed.

A third embodiment of the present invention will be
described with reference to FIGS. 3, 10(A), 16(B), 11, and
12(A) to 12(F).

FIGS. 10(A), 106(B) and 11 show schematic explanatory
diagrams showing hybrid integrated circuit components in
accordance with the present invention, in which FIG. 10(A)
-1s a plan explanatory diagram and FIG. 10(B) is a cross-
sectional structurally explanatory diagram taken along the
line A—-A' of FIG. 10(A). |

In FIGS. 10(A) and 10(B), reference numeral 100 denotes
a substrate; 113, a laminated passive circuit; 114 and 115,
respective thin film integrated circuits; 116, an output ter-
minal; 117, a resin; 104, a laminated capacitor; 103, a
laminated inductor; and 129, resistors.

‘The thin film integrated circuit 114 is designed, for
example, so as to function as a drive circuit of a DC-to-DC
convertor and formed on a polycrystalline silicon substrate,
and the thin film integrated circuit 115 is designed so as to
function as a magnetic head drive circuit and formed on a
polycrystalline silicon substrate.

In the laminated body 113, there are provided at the side
of the laminated capacitor 104, for example, terminals 104-1
to 104-5 for 10 pF, 50 pF, 100 pF, 500 pF, and 1000 pF, and
at the side of the laminated inductors 103, there are
provided, for example, terminals 103-1 to 103-5 for 10 pH,
50 pH, 100 pH, 200 yH and 300 pH.

In the present invention, when the hybrid integrated
circuit component is to be used as a DC-to-DC convertor for
example, the terminals of the thin film integrated circuit 114
are connected to the terminal 104-5 having C=1000 pF and
the terminal 103-4 with L=200 pH of the laminated body 113
as shown in FIG. 10(A).

Also, when the hybrid integrated circuit component is
used, for example, as a magnetic head drive circuit, as
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shown in FIG. 11, the terminals of the thin film integrated
circuit 115 are connected to the terminals 104-1 with C=10
UF and the terminal 103-2 with L=50 pH, respectively.

FIG. 3 is a schematic structural diagram showing a thin
film transistor which constitutes a part of the thin film
integrated circuit used in the present invention.

In FIG. 3, reference numeral 301 denotes a polycrystalline
silicon substrate; 302, a silicon oxide film; 303, an active
silicon layer; 304, a gate insulating film; 305, a gate elec-
trode; 306 and 309, source and drain regions; 307, a phospho
silicate film (PSG film); and 308, an aluminum wiring layer.

Through the same processes as those described with
reference to FIGS. 4(A) to 4(F), 5(A) and 5(B), the thin film
integrated circuit having TFT and an Al wiring are formed
on a polycrystalline substrate.

Further, thus formed thin film integrated circuits 114 and
115 and the laminated body 113 are arranged, for example,
as shown in FIG. 10(A). Any one of Cr, Ni, CrNiAu, Ti and
Cu is deposited and patterned on electrical connecting
portions (terminals) between these thin film integrated cir-
cuits 114 and 115 and the laminated body 113 to thereby
perform the connection between the thin film integrated
circuits and the laminated body.

Then, as the passivation film, at least one of an SiO, film,
an Si;N, film, a PSG film, etc. is formed by a CVD method,
and only electrically connecting portions of the film thus
formed with the laminated body are etched so as to be
opened and then bump-soldered. Finally, the output terminal
116 is provided and the integrated circuit is molded with a
resin 117 to complete the hybrid integrated circuit compo-
hent.

The connection between the thin film integrated circuit
114, 115 and the laminated body 113 is not limited to the
above description, but, may be performed by wire bonding
shown in FIG. 10(B).

Further, in the above-mentioned embodiment, one com-
posite laminated body consisting of at least one of the
laminated inductor, the Jaminated capacitor and resistors and
a plurality of thin film integrated circuits are mounted in
parallel on the same substrate so that they are selectively
connected to each other. However, this arrangement may be
reversed.

That is, as shown in FIG. 12, a thin film integrated circuit
118, a plurality of laminated bodies 119 and 120 are
arranged on a substrate 100. The laminated bodies 119 and
120 thus arranged have respective passive element portions
with different sizes. Then, depending upon its use, the thin
film integrated circuit 118 is selectively connected to any
one of the laminated bodies 119 and 120.

In order to provide a variety of functions in the above-
mentioned thin film integrated circuit, it is preferable to set
the mobility characteristic of the active layer to 100 cm?
v-sec or more. For this reason, the TFT is preferably formed
within the non-single crystalline silicon substrate.

In the above-mentioned description, the example in which
the laminated body is mounted on the substrate was
described, however, the laminated body may be mounted on
the thin film integrated circuit depending on its size.

Further, when a plurality of laminate bodies are mounted
on the substrate, these laminated bodies are not limited to the
same ones, but the laminated bodies with different values of
I.CR or the like may be mounted on the substrate.

In accordance with the present invention, a plurality of
thin film integrated circuit chips having different functions,
respectively and a laminated body consisting of a laminated
passive element are mounted on one substrate, and one
laminated body is commonly used as the passive element of
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the plurality of thin fihm integrated circuits, whereby the
laminated body is effectively utilized, and the hybrid thin
film integrated circuit component is low in costs and down-
sized.

Because the size of the laminated body is determined by
the package area of the thin film integrated circuits, mount-
ing of the laminated body does not require the enlarged
package.

Further, since the thin film integrated circuits does not
select the ground (substrate), a plurality of thin film inte-
grated circuits can be formed on the same substrate by the
same process, and therefore can be downsized in comparison
with a case where one laminated body is selectively con-
nected to individual different thin film integrated circuits,
respectively.

A fourth embodiment of the present invention will be
described with reference to FIGS. 13 and 14.

FIG. 13 is a schematic structural diagramn showing a
hybrid integrated circuit component in accordance with a
fourth embodiment of the present invention. In FIG. 13,
reference numeral 121 denotes a thin film integrated circuit

chip; 122, an active silicon film having a thin film integrated -

circuit formed therein; 123, a polycrystaliine silicon sub-
strate which is generally available for manufacturing solar
cells; 124, pat portions; 125, output terminals; 126, a lami-
nated inductor; 127, a laminated capacitor; 128, a resistor
circuit; 129, a resistor body; 130, a conductor; and 131, a
laminated body.

As a substrate of the thin film integrated circuit chip, if
there is used a polycrystalline silicon substrate or a monoc-
rystalline silicon substrate for a solar battery, both of which
are available at a low price, the thin film integrated circuit
chip can be reduced in costs.

In FIG. 13, the hybrid integrated circuit component is
constituted by the thin film integrated circuit chip 121 and
the laminated body 131. The laminated body 131 is consti-
tuted by a laminar structure comprising the lamination-type
inductor 126, lamination-type capacitor 127 and the resis-
tance circuit 128 having a resistance 129 and a conductor
130. The output terminal connects the laminated body 131
with the thin film integrated circuit chip 121 through the pat
electrode 124 which is a solder-bump.

FIG. 14 is a schematic structural diagram showing the
TFT which constitutes the structural element of the thin film
integrated circuit chip used in this embodiment.

In FI1G. 14, reference numeral 123 denotes a polycrystal-
line silicon substrate for a solar battery; 124, pat electrodes
made of solder bump; 132, a silicon oxide film; 133, an
active silicon film; 134, a gate insulating film; 13§, a gate
electrode; 136 and 139, source and drain regions; and 138,
aluminum wiring layers.

A process of manufacturing the thin film transistor is
identical with those of the first and second embodiments
described with reference to FIGS. 4 and 5, and therefore the
duplicate description will be omitted.

-~ As the substrate material on which TFT is formed, the
polycrystalline silicon substrate 123 for the solar battery is
used. The polycrystalline silicon substrate 123 for the solar
battery is widely sold and formed of a substrate of the p-type
having a resistivity of 0.5 to 3 Qcm. The substrate 123 is
different from the ordinary silicon wafer used in the semi-
conductor process, a surface of which has been mirror-
ground, and is not mirror-ground so as to provide a cutting-
state surface. That is the surface has a condition in which the
substrate 1s sliced from a semiconductor ingot and any
surface treatment such as mirror-grinding is not performed
thereon. Therefore, the substrate 123 can be clearly distin-
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guished from the ordinary silicon wafer with the mirror-
oround surface.
After the source and drain regions are activated through

the process as in the first and second embodiments, they are
further heated at 400° C. for one hour in a hydrogen

atmosphere, and is then subjected to hydrogenation
treatment, thereby making the defect level density of the
active silicon film reduced.

Subsequently, after a PSG film 137 having a thickness of
4000 to 8000 A is formed on the entire substrate by the
atmospheric pressure CVD method, the film 137 is subjected
to patterning for electrode wiring (refer to FIG. 14). Then,
after formation of an aluminum film thereon, the aluminum
film is subjected to patterning in accordance with a wiring
pattern to thereby form the aluminum wiring layer 138.

Further, the pat portions 124 are formed for connection
with the laminated body 131. This is achieved by forming a
film of Cr, Ni, Au, Ce-Ni1, Cr-Ni-Cu, or the like through a
vapor deposition or sputtering method. Thus, the TFT as
shown in FIG. 14 can be obtained.

The thin film integrated circuit including the TFT thus
formed is formed on the substrate 123 in accordance with a
circuit design to produce the thin film integrate circuit chip
121, and the laminated body 131 consisting of the passive
circuit formed by the known method is electrically con-
nected at the terminals 125 through the solder bumps to
thereby obtain the hybrid integrated circuit component as
shown in FIG. 13.

In the above description, the silicon substrate used in the
example is polycrystalline, however, a single crystalline
semiconductor substrate may be used.

The reason why the silicon substrate for the solar battery
is used in the present invention is stated below.

First, because the silicon substrates for the solar battery
are mass-produced and are available at a very low price in
comparison with the silicon wafers used in the semiconduc-
tor process such as monolithic IC, which have been mirror-
ground, the thin film integrated circuit chip 121 can be
lowered in costs.

Further, the monocrystalline silicon substrate for the solar
battery has a large number of defects, and therefore it is
entirely improper to form transistors, etc. in such a substrate.
However, if this is used as a substrate, and as was described
in the above-mentioned embodiment, the active silicon film
is formed through the silicon oxide film or the like to
perform the semiconductor process, then an active element
having a very high mobility characteristic such as TFT, etc.,
as shown in FIG. 15 can be obtained.

FIG. 15 shows the mobility characteristic of TFTs
depending upon the differences of the substrates and the
process temperatures.

In FIG. 15, reference mark A represents the mobility in a
case where TFT is formed with an active silicon film using
a glass or a quartz as a substrate at a low temperature process
of 600° C. or less. Reference mark B represents the mobility
in a case where TFT is formed with an active silicon film on
a quartz substrate at a high temperature process of approxi-
mately 1000° C. Reference mark C represents the mobility
in a case where TFT is formed with an active silicon film on
a polycrystalline or monocrystalline silicon substrate for the
solar battery at a high temperature process of approximately
1000° C. in accordance with the present invention. The
respective mobilities are indicated by round marks.

As is apparent from FIG. 15, in comparison with the case
using the conventional quartz substrate or glass, the present
invention uses the silicon for the solar battery as the
substrate, and the high-temperature process is applied as the
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semiconductor process, thereby being capable of forming an
| elexzncnt with a very high mobility characteristic of 300
cm/v-sec.

The hybrid integrated circuit component of the present
invention can be applied to a field of a high frequency,
whereby the application of the circuit using the TFT is
remarkably expanded.

The silicon substrate for the solar battery used as a
substrate, that is, both of the polycrystalline silicon substrate
and the monocrystalline silicon substrate are mass-produced
and available at a low price. For that reason, the thin film
integrated circuit.

Further, the thin film integrated circuit and the laminated
body are connected to each other through solder bump to
thereby further improve the mass-production as well as the
reliability of the components.

A fifth embodiment of the present invention will be
described with reference to FIG. 16.

In FIG. 16, reference numeral 140 denotes a hybrid
integrated circuit component; 141, a ceramic substrate; 142,
a phospho silicate (PSG) film; 143, a thin film integrated
circuit having a thin film transistor (TFT) or the like; 144,
pat electrodes; 145, an inter-layer insulating film; 146, a
laminated capacitor; 147, a laminated inductor; 148, elec-
trodes; and 149, output electrodes.

In the hybrid integrated circuit component shown in FIG.
16, the surface of the ceramic substrate 141 is coated with,
for example, the PSG film 142 mainly containing SiO, of
heat resistance. The PSG film 142 has a thickness sufficient
to allow the rough surface of the ceramic substrate 141 to be
smoothed. The PSG film 142 can withstand the semicon-
ductor process which will be performed at a temperature of
850° C. or more. |
- The laminated body consisting of the laminated capacitor
146 and the laminated inductor 147 is formed through the
inter-layer insulating film 145 on the ceramic substrate 141
with the surface smoothed by the PSG film 142 on which the
thin film integrated circuit such as TFT, etc. has been formed
as in the foregoing embodiment. The ceramic substrate 141
1s made of alumina.

The layer 142 mainly containing silicon oxide is formed
by the following step.

First, the surface of the ceramic substrate 141 made of
alumina is spin-coated with triethoxyline P(OC,H,); and
tetraethoxysilane S1(OC,Hs),, and then annealed at 950° C.
for 5 hours in the oxygen atmosphere. As a result, there is
obtained a reflow film formed of a PSG film having a
thickness of 5 pm as the layer 142 mainly containing silicon
oxide.

The reason why the glass mainly containing Si0O,, is used
as a film for smoothing the rough surface of the ceramic
substrate as in the embodiment is to provide heat resistance
for sufficiently withstanding the semiconductor process for
formation of TFT which will be performed at 8§50° C. later
and to provide no large difference in coefficient of thermal
expansion between the PSG film and TFT.

Further, it is desirable to set the thickness of the PSG film
142 to 10 pm or less, so that the PSG film does not retain
heat, to thereby obtain an inexpensive substrate having
excellent heat release.

The manufacture of the thin film integrated circuit is made
in the same manner as that in the foregoing embodiments 1
to 4, and therefore description of such manufacture is
omitted. However, since the surface of the ceramic substrate
141 is smoothed by the layer 142 mainly consisting of
silicon oxide, the active silicon layer also has a smoothed
surface thereof. Also, a channel length L of TFT formed
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thereon can be controlled to 10 ym or less. Therefore, since
an element with an improved frequency characteristic can be

obtained, the applied field of the circuit can be mdcncd
when designing the integrated circuit.

The inter-layer insulating film 145, which also serves as
a protective film, is formed in such manner that the PSG is

spin-coated by a chip-on method, and thereafter through
holes for electrode are formed in the coated PSG.

Alternatively, the inter-layer insulating film 145 can be
obtained by forming silicon alkoxide and phosphorus alkox-

ide to an appropriate thickness before firing. The inter-layer
insulating film 145 can be also formed by other methods, for
example, a CVD method.

In constructing the thin film integrated circuit, in the case
where a further distinct wiring is required, the inter-layer
insulating film and the doped silicon film are stacked on each
other to form a multi-layer wiring.

Subsequenﬂy, the laminated body constituting the passive
element is provided on the substrate 141, on which the thin

film integrated circuit is formed, by the printing mcthod as
in the first embodiment.

After removal of the organic binder in the laminated body
and firing of the inductor and the capacitor are performed at
800° to 1000° C., for example, 850° C., the entire substrate
including the laminated body is heat-treated at 400° C. for
one hour in a hydrogen atmosphere to perform a hydroge-
nation process so as to reduce the defect level density
contained in the active silicon film 143 formed on the
ceramic substrate 141. Thus, the composite thin film inte-
grated circuit component of this embodiment is completed.

In the above-mentioned embodiment, as one example, the
method of forming the layer 142, which mainly contains
silicon oxide, formed of the PSG film as the reflow film
directly on the ceramic substrate 141 forming the thin film
integrated circuit therecon was described. In the present
invention, a high-melting-point metal or its silicide which is
excellent in the heat conductivity can be formed between the
ceramic substrate and the reflow film (not shown).

As the high-melting-point metal excellent in heat
conductivity, there can be used molybdenum Mo, tungsten
W, tantalum Ta, zirconium Zr, cobalt Co, hafnium Hf, etc.
Their silicide can be also used.

For example, an Mo film is formed on the ceramic
substrate such as alumina, etc. by the sputtering method.

The film forming conditions at this time are stated below.
Argon pressure: 0.5 to 10 mTorr
Reaction temperature: 300° to 500° C.

Power: 1 KW

Thereafter, the PSG film is spin-coated on the substrate on
which the Mo film is formed, to thereby form the reflow
film. The process which will be subsequently made is
identical with that in the foregoing embodiments.

Thereatter, even though the heat treating process such as
the semiconductor process, etc. is made, heat of the substrate
i1s sufficiently released so as not to adversely affect the
element characteristic.

Further, in the above-mentioned embodiment, the:rc was
described the example in which the laminated inductor is
formed as the laminated body mounted on the substrate on
which the thin film integrated circuit is formed. However,
the present invention is not limited to or by this, but can
employ other passive circuit elements, for example, a
resistor, a laminated capacitor or the combination thereof.

In addition, the method of forming these laminated body
is not limited only to or by the printing method described in
the above-mentioned embodiment, but can be performed by
the sputtering method, the deposition method, etc, or the
combination thereof.
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The conductive material for forming the laminated body
may be made of silver Ag, gold Au, copper Cu, paradium Pd
or the alloy thereof. The magnetic material may be made of,
besides the above-mentioned materials, galvanized ferrite,
Mn-Zn ferrite, iron oxide ferrite, etc. The dielectric material
may be made of alumina, barium titanate, titanium oxide,
etc.

In the above-mentioned embodiment, there was described
the example in which the laminated body is formed on the
substrate having the refiow film thereon on which the thin
film integrated circuit has been already formed. However,
the present invention can be applied to a case where the
laminated body which has been formed by different process
1s mounted onto the above-mentioned substrate.

Further, in the above-mentioned embodiment, there was
described the example in which the semiconductor process
is performed by a high-temperature process of 800° C. or
more. However, even in the case of a low-temperature
process, provision of the reflow film enables the thin film
integrated circuit excellent in the characteristic to be
obtained.

In the above-mentioned embodiment, there was described
the case where the PSG film is used for the layer 142 mainly
containing silicon oxide. However, BSG (boro silicate),
B-PSG (boro-phospho silicate ), NSG-PSG (nondope
silicate-phospho silicate), etc can also be used.

Similarly, the inter-layer insulating film 145 is not limited
to the PSG, but may be made of BSG, B-PSG, NSG-PSG,
etc.

With the structure of the present invention, the laminated
body formed of the passive element and the ceramic sub-
strate on which the thin film integrated circuit having desired
characteristics has been formed can be integrated with each
other, resulting in the possibility of making the composite
thin film integrated circuit component downsized, concen-
trated to the high degree, and lowered in costs.

Furthermore, according to the present invention, the thin
film integrated circuit can be formed on the inexpensive
ceramic substrate. In particular, since the semiconductor
process of a relatively high temperature can be made by
using the ceramic substrate, the integrated circuit element
with a widely applied circuit can be formed.

A sixth embodiment of the present invention will be
described with reference to FIGS. 17 and 18.

FIG. 17 is a schematic explanatory diagram showing a
thin film composite integrated circnit component 150 in
accordance with the sixth embodiment of the present inven-
tion.

In FIG. 17, reference numeral 100 denotes a substrate;
152, a thin film integrated circuit chip; 153, output elec-
trodes; 154, a phospho silicate (PSG) film; 1585, a TiO, layer;
156, an Al layer; 157, a thin film laminated capacitor; 158,
a thin film laminated inductor; 159, a thin film magnetic
material layer; and 151, output electrodes.

In the embodiment, the PSG film 154 is formed on the
substrate 100 having the thin film integrated circuit chip 152
thereon through an atmospheric pressure CVD. On the PSG
film 154, the thin film laminated capacitor 157 is formed by
laminating a dielectric layer such as a TiO, layer 155 and an
aluminum layer 156 in turn through a mask deposition or
mask sputtering method. Further, the thin film laminated
inductor 158 comprising a magnetic layer 159 and an
aluminum layer 156 is stacked on the capacitor.

The inter-layer film 154 may be made of other materials
other than PSG, for example, a nondope silicate (NSG) film,
a boro-silicate (BSG) film, and a film mainly containing
510, such as a boro-phospho silicate (B PSG) film which is
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a mixture of boro-silicate (BSG) and phospho silicate
(PSG). The thickness of the film is 0.1 to 5 pm, preferably
8000 A or more. These glass films can be formed by the
atmosphere pressure CVD method.

The thin film integrated circuit chip 152, the thin film
laminated capacitor 157 and the thin film laminated inductor
158 are electrically connected to one another through the
output electrodes 153 of the thin film integrated circuit and
the Al layer 156 which constitutes the conductive material
layer.

The formation of the thin film integrated circuit chip 152
may be made by any one of the processes described in

accordance with the foregoing embodiments. The substrate
is formed of the inexpensive polycrystalline substrate or

ceramic substrate, and the thin film integrated circuit includ-
ing the TFT is then prepared on the substrate by the

foregoing process.
In the present invention, subsequently, on the substrate

100 on which the thin film integrated circuit chip 152 has
been prepared, as shown in FIG. 17, a passive element in the
form of film such as a thin filin laminated capacitor 157 a
thin film laminated inductor 158, etc. are formed through the
PSG film 154 by the thin film process.

A case where the laminated inductor 158 is formed as the
thin film laminated portion will be described with reference
to FIG. 18.

As the magnetic material, there is used Ni-Cu-Zn ferrite,
and mask-sputtering is carricd out under the following
conditions, thereby forming the Ni-Cu-Zn ferrite film 159
(refer to FIG. 18(A)).

The sputtering conditions are stated below.

Target: Ni-Cu-Zn

Argon pressure: 10 to 100 mTorr
Reaction temperature: 150° C.
RF power: 1 KW

Through-holes are formed in the ferrite film 159 in
correspondence with the output electrodes 153 of the thin
film integrated circuit chip 152. (FIG. 18(A))

Subsequently, as the conductive material layer of the
inductor, Al is deposited by the mask-sputtering to form the
Al layer 156, and also the output electrodes 153 of the thin
film integrated circuit and the conductive layers 156 are
connected to each other (refer to FIG. 18(B)).

Likewise, using the thin film process, another Ni-Cu-Zn
ferrite filtm 159' and another conductive layer 156' are
formed so as to provide the laminated thin film inductor 158
(refer to FIG. 18(C)).

Thereafter, as occasion demands, the laminated thin film
capacitor may be formed on the thin film inductor 158.

For example, the film forming conditions in the case of
performing mask-sputtering using TiO, as the dielectric
material are stated below.

Degree of vacuum: (.01 Torr
Substrate temperature: 200° C.
Source temperature: 1500° C.

After the TiO, film is formed under these conditions, Al
is subjected to mask-sputtering, so that it is laminated as the
conductive film, thereby forming, for example, the thin film
integrated capacitor 157 as shown in FIG. 17.

In the present invention, because the respective passive
elements are formed by the thin film process such as the
mask-sputtering, etc. as the laminated portion formed on the
substrate on which the thin film integrated circuit is formed,
it is sufficient to only change the reaction condition so that
the manufacturing is facilitated. In the case of producing
multiple layers, heating process is made at the time of the
sputtering process. Therefore, in order to reduce the
influence, the number of laminated layers is preferably 10 or
less in total.
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With the structure of the present invention, since the
laminated portion formed on the substrate on which the thin
film integrated circuit chip has been formed is entirely
performed by thin film processes, there is no need of
performing a high-temperature heat treatment for the
substrate, such as the firing process due to a high tempera-
ture as in the conventional thick film forming method.

As a result, there i1s no adverse influence caused by the
difference in coefficient of heat expansion between the
contracted laminated body and the substrate on which the
thin film integrated circuit is formed due to firing.

Further, since there is no high-temperature treatment after
formation of the thin film integrated circuit, hydrogenation
is facilitated and the element characteristics are not
adversely affected by heating.

Still further, the laminated portion made by the thin film
forming method is thinner than that made by the conven-
tional thick film forming method, thereby making the com-
ponent downsized and compact-sized. Since the size of an
IC chip is determined in accordance with the size of resin
mold, the resin mold is integrated as the whole and therefore
downsized.

Still further, as the conductive material of the laminated
portion, inexpensive Al can be used in place of expensive
Pd, and in view of this, the thin film integrated circuit
component is lowered in costs.

It will be apparent to those skilled in the art that various
modifications may be made within the spirit of the invention
and the scope of the appended claims.

What is claimed is:

1. A method of manufacturing a composite integrated
circuit member comprising the steps of:

forming thin film integrated circuits on a substrate;

forming a reflow film on said thin film integrated circuits;

forming a laminate type passive element on said reflow

film, said laminate type passive element including a
hydrogen introducing means;
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cutting said substrate camrying said thin film integrated

circuits and said lamination type passive element into
separate chips; and ,

heat treating said thin film integrated circuits after said
cutting step,

wherein said reflow film is formed for reducing a stress
between said laminate type passive element and said
thin film integrated circuits.

2. The method of claim 1 wherein said heat treating is

performed in a hydrogen atmosphere.
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3. A method of manufacturing a hybrid integrated circuit
member comprising the steps of:

preparing a substrate having a thin film type integrated
circuit thereon:
forming a passivation layer on said substrate; and

manufacturing a laminate type passive circuit element
comprising a laminated body on said passivation layer,

wherein said laminated body is formed through a process
for manufacturing thin film integrated circuits,

wherein said passivation layer is formed for reducing a
stress between said thin film type integrated circuit and
said laminate type passive circuit element, and

wherein satd process for manufacturing thin film inte-
grated circuits is selected from the group consisting of
vapor deposition and sputtering.

4. The method of claim 3 wherein said passivation layer
comprises glass sclected from the group consisting of
phospho-silicate glass, nondoped-silicate glass, boro-silicate
glass, and borophosophosilicate glass.

5. The method of claim 3 wherein said passivation layer
is 0.1-5 pm thick.

6. The method of claim 3 wherein said passive circuit
element includes at least one of a lamination type capacitor,
lamination type inductor and a resistance. |

7. The method of claim 3 wherein number of layers
contained in said laminated body is not larger than 10.

8. A method of manufacturing a hybrid integrated circuit
member comprising the steps of: |

preparing a substrate having a thin film type integrated
circuit thereon;
forming a passivation layer on said substrate; and

manufacturing a passive clement having a plurality of
laminated layers on said passivation layer,

wherein each of said plurality of laminated layers is
formed by deposition,

wherein said passivation layer is formed for reducing a
stress between said thin film type integrated circuit and
said passive element, and

wherein said deposition is sputtering.

9. The method of claim 8 wherein said passive element is

selected from the group consisting of a capacitor, an
inductor, and a resistor.

I I . T
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